Background Overweight is shown to track (= to maintain a relative position in a distribution) from childhood to adulthood, but is mostly studied in preobesogenic cohorts and in single ethnic groups. Little is known about tracking of thinness by ethnicity.
Introduction
In the past decades childhood obesity has grown into a true pandemic that poses a major public health threat in affected populations [1, 2] because of the associated cardiometabolic health risks [3] . Although there are several prevention programmes for overweight and obesity, the significant changes in body mass index (BMI, weight/height [2] ) or other measures of nutritional status after a life style intervention are generally small and improvements are often not sustained in the long term [4, 5] . Nevertheless, in several developed countries the prevalence of overweight has been shown to stabilise [6, 7] . In the Netherlands in most ethnic groups the rates of overweight and obesity seem to be levelling off. There has even been a decrease found in Dutch children (of European descent) in the prevalence of overweight and obesity since 1999 [8] . The exact causes of the stabilising and declining trends in overweight or obesity rates in Dutch children are unclear, but may perhaps be attributed to the increased public awareness as well as to the many prevention programmes and interventions that have been implemented throughout the Netherlands in the past decade [9] .
However, as BMI and overweight have been shown to track (=1 to maintain a relative position in the (BMI) distribution over time, or 2 the ability to predict future values from a previous measurement or classification) [10] from childhood into adulthood [11] [12] [13] the obesity epidemic may not be over.
Most of the studies investigating 'tracking of overweight' involved populations born in a preobesogenic era, when obesity rates were much smaller. Therefore, in contemporary populations, exposed to an obesogenic environment from birth, the tracking pattern may be different [14] , i.e. they might gain more fat from an earlier age, and consequently show a steeper increase in BMI than previous generations. For prevention strategies and interventions to be most effective, it is important to determine which groups are at greatest risk for developing obesity and related diseases. When the natural history of the development of overweight and associated health risks is known, interventions can be targeted particularly at those high-risk groups.
Many cohort studies already showed that birth weight is related to cardiometabolic disease later in life. Most of these studies found an inverse linear relation: the lower a baby's birth weight, the higher the risk of cardiometabolic disease [15, 16] . Some other studies reported a U-shaped relation between birth weight and cardiometabolic disease, indicating for both the lower and the higher end of the birth weight range an increased risk of cardiometabolic disease in adult life, compared with those that were born average or in the 'normal' range [17, 18] .
Also, BMI at a young age was shown to be independently (from birth weight) related to cardiovascular disease in adulthood [15] . In the Netherlands, a cohort study of young adults born in [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] showed that the BMI increase in the age period 2-6 years was the strongest predictor of adult overweight [19] , as well as of cardiovascular and metabolic risks in adulthood [20] . Other studies showed that children with rapid growth in weight or BMI during infancy or children that were obese during infancy had a higher risk of developing obesity at subsequent ages [21] . For contemporary generations it is currently unknown in the Netherlands how strong BMI tracks during childhood and to what degree overweight during earlier ages is predictive of overweight at an older age. Considering the large differences in prevalence of obesity among ethnic groups in the Netherlands [8] , tracking patterns are likely to be different between ethnic groups, as was previously demonstrated in the USA [22] . Further reports comparing tracking of overweight in various ethnic groups are scarce. Also, little is known about tracking of thinness in general, and in different ethnic groups living in developed countries in particular.
In the Netherlands, children of South Asian descent have received increased attention from youth health care nurses and physicians, and other public health workers such as health promotion professionals. This is not only because South Asian children have a generally higher risk of cardiometabolic disease compared with populations of European descent [23, 24] , but also because the BMI distribution and the relation between BMI and fat mass was shown to be different from other ethnic groups [25, 26] .
The aim of this study is to investigate ethnic differences in tracking of BMI and BMI class between children of Dutch, Turkish, Moroccan and South Asian descent from 3 through 15 years of age.
Methods

Data collection
In the Netherlands, all children are invited periodically for a general health assessment by a Youth Health Care nurse or physician, as part of the national child health surveillance programme. Children between 3 and 15 years of age are invited four times for a voluntary health assessment. Participation rates are generally high (80-90%) [27] . Incompleteness of health records can generally be attributed to non-participance and the moving of families into and out of the city during the follow-up period.
The Youth Health Care organisation of the city of The Hague (the Netherlands) has kept a digital record system since 1998 in which details of the preventive health assessments of all children are registered. For this study, growth data on height and weight, and background data such as sex, date of birth, the child's surname and parental country of birth were extracted from the digital records of a cohort of children born 1994-1997. Height and weight data of all standard health assessments at the ages of 3-4, 5-6, 7-10 and 13-15 years of age were subsequently selected. Data from younger ages were not available. Measurements were taken between January 1998 and November 2013. All children with a measurement at 13-15 years of age and at least one measurement at a younger age were included in the study.
As this study involved the analysis of routinely collected data, under Dutch law ethical consent was not needed [28] , provided that regulations regarding privacy are met. Therefore, after determining ethnicity and age, identifying personal information was removed from the research database.
Ethnic groups
In the Netherlands, the largest ethnic minority groups, i.e. people of Turkish, Moroccan and South Asian descent have lived in the Netherlands for up to three generations. Therefore, country of birth is insufficient to determine the ethnic origin in descendants of the second and third generation. To be able to appropriately assign the correct ethnic origin to the members of the cohort, ethnicity was first based on country of birth of both parents. If the mother and father were both born outside the Netherlands but in different countries, the country of birth of the mother prevailed. If one of the parents was born in the Netherlands and the other outside the Netherlands, the country of birth of the non-Dutch parent determined the ethnicity of the child. In cases where both parents were born in the Netherlands the child's surname was matched with lists of typically Dutch, Turkish and Moroccan surnames to distinguish native Dutch parents from Dutch second generation Turkish and Moroccan parents (of whom parents were born in the Netherlands but grandparents in Turkey or Morocco). As most South Asians in the Netherlands originate from the former Dutch colony Suriname, South Asian ethnicity was determined both by parental country of birth (Suriname) and the presence of a typically (Surinamese) South Asian surname of the child.
Anthropometric measurements and cut-off values
Height and weight of children were measured by trained youth health care physicians, nurses and physician's assistants; height with a stadiometer (Seca 202; Hamburg, Germany) or height measuring tape (Seca 206 or equivalent), rounded to the nearest 0.1 cm and weight with a calibrated mechanical step scale (Seca 761 or equivalent), rounded to the nearest 0.5 kg. Up till the age of 7 years, children were measured in underclothes and from that age in light clothes without shoes.
Body mass index was calculated with the formula [weight in kg]/[height in metres] [2] . BMI z-scores and BMI categories were calculated with the latest international BMI references and cut-offs for children [29] . BMI categories were determined with the z-scores that correspond to the adult BMI cut-offs of < 17 kg/m 2 for thinness, ≥ 17 but < 25 kg/m 2 for normal weight, and ≥ 25 kg/m 2 for overweight (including obesity). A recently developed South Asian specific BMI reference for South Asian children in the Netherlands, including a new BMI classification [30] , was also used but only for South Asian children. This reference was based on the BMI distribution of a population of South Asian children in the Netherlands born in a preobesogenic era with BMI cut-offs for thinness corresponding to a BMI of <15 kg/m 2 at 18 years of age, and cut-offs for overweight to a BMI of ≥23 kg/m 2 at 18 years of age [30] .
Statistical analyses
The term tracking is firstly used to describe a variable's longitudinal development and the maintenance of a relative position or ranking of the variable within the variable's distribution. Second, tracking involves the ability to predict subsequent measures from previous measures [10] . For this article these two concepts of tracking were studied using BMI z-scores and the BMI classification (thinness, normal weight and overweight). All variables were tested for normality. The longitudinal development of the mean BMI z-score (=dependent) over time was analysed by ethnic group and age group with a linear mixed-effects model (repeated measures). Sex was added to the model as a potential confounder. Estimated Marginal Mean BMI z-scores were calculated by ethnic group and age group from the fitted model while adjusting for the other variables in the model.
The longitudinal development of the mean BMI z-score was determined for each BMI class at 13-15 years and tested with a linear mixed-effects model (repeated measures) analysis, with the BMI z-score of each BMI class as dependent factor, and age, sex and ethnic group as covariates. Trends in the prevalence of overweight (vs no overweight) or thinness (vs no thinness) by age were tested with a generalised estimating equations logistic model, as this model takes the correlation between repeated measures into account. Additionally, when overweight or thinness status at a younger age considered a test for overweight or thinness respectively at 13-15 years of age, the test properties (sensitivity, specificity, positive predictive value) were calculated for ages 3-4, 5-6 and 7-10 years by ethnic group. The 95% confidence interval (CI) was determined by calculating the Wilson score interval with continuity correction [31, 32] .
As test of discriminatory performance the diagnostic odds ratio (diagnostic OR with 95% Confidence interval) was calculated for every age group by ethnicity. This single indicator combines sensitivity and specificity (which are not easily interpreted when comparing tests) and is independent of the prevalence [33] . The resulting odds ratio represents the ratio of the odds of the test being positive if the child has the condition (overweight/thinness), divided by the odds of the test being positive if the child does not have the condition. When tracking is strong this will result in a higher diagnostic OR than when tracking is less strong.
The statistical significance level was set at P < 0.05 (twosided). IBM SPPS Statistics v22 software was used for all statistical tests.
Results
In this study, 7625 children were included, with a total of 25,604 registered measurements. Figure 1 shows the numbers of performed health checks at each age of the cohort. Though the study population involved a dynamic cohort participating in a routine health surveillance programme 51% of all included children had all four, and 33% had three follow-up check-ups registered. The population characteristics were similar between the ethnic groups ( Table 1) .
Prevalence of overweight and thinness
The highest prevalence of overweight was found in children of South Asian descent (ethnic specific reference) followed by children of Turkish, Moroccan and Dutch descent ( Table 2) . Overweight rates significantly increased with age in all ethnic groups (P < 0.001), with the largest increase between 5-6 and 7-10 years of age. The prevalence of thinness was generally very low in all ethnic groups, except in children of South Asian descent (universal BMI cut-offs) (Table 3) . When South Asian specific BMI cut-offs were applied thinness prevalences were concordant with those found in the other ethnic groups.
Tracking: the maintenance of a relative position of BMI The trajectory of the estimated marginal mean (EMM = the mean value, adjusted for repeated measures and the other variables in the model) BMI z-score by age group (Fig. 2 ) differed between the ethnic groups (P < 0.001). Within each ethnic group there were no significant differences in BMI z-score between males and females. Children of Turkish descent had the highest BMI z-score at every age, ranging from a z-score of 0.4 at 3-4 years of age up till a z-score of 1.0 at 13-15 years. For children of Dutch, Moroccan and Turkish descent the overall BMI z-score followed a similar pattern between 3 and 15 years of age: between 3 and 6 years the mean BMI z-score remained fairly stable, increased between 5-6 and 7-10 years, and reached a plateau from that age.
The BMI trajectory of children of South Asian descent deviated considerably when based on the universal BMI reference. The BMI z-scores in this group were very low until 5-6 years of age (−0.7 to −0.3), increased sharply between 5-6 and 7-10 years by 0.7 SD, and from then on remained fairly stable. However, when applying the South Asian specific reference the BMI z-score trajectory was more concordant with the other ethnic groups, following a BMI trajectory between that of children of Turkish and Moroccan descent.
The BMI z-score trajectory of thin, normal weight and overweight 13-15-year-old adolescents shows how on average the final BMI z-score was reached from the age of 3-4 years (Fig. 3) . No differences were found between the sexes within each ethnic group by BMI class. The BMI zscore trajectories of overweight adolescents of Dutch, Moroccan and Turkish descent, although statistically significantly different (P < 0.001), followed similar patterns. For thin and normal weight adolescents of these ethnic groups, the BMI trajectory showed more variation (P < 0.001), but also here the trend of the pattern was quite similar. In general, thin children at age 13-15 years had been already relatively thin (<−0.9 SD) in earlier years, whereas normal weight adolescents had a mean BMI z-score that started at 3-4 years around a value of 0 and remained largely stable. Overweight adolescents on average had already considerably higher mean BMI z-scores at younger ages (around + 1 SD), that increased by 0.8-0.9 SD between 3-4 years and 13-15 years of age.
The BMI trajectory of thin, normal weight and overweight children of South Asian descent, when based on the universal BMI reference, deviated considerably with a sharp 
Prediction of BMI class by testing BMI class at a younger age
When the presence of overweight (vs. no overweight) or thinness (vs no thinness) at a younger age is considered a positive test for overweight or thinness at 13-15 years, respectively, test properties such as sensitivity, specificity, positive predictive value and diagnostic odds ratio (Tables 2  and 3 ) are informative of the predictive ability of the BMI class (overweight yes/no; thinness yes/no) at a younger age to predict overweight or thinness at 13-15 years, respectively. Low values (<90%) of one of the test properties sensitivity or specificity indicate that children with thinness or overweight at a younger age shifted to another BMI class at 13-15 years of age. A high-positive predictive value means that a high percentage of children with overweight (thinness) at a younger age remain overweight (thin) at 13-15 years. The diagnostic OR shows the degree of tracking with higher values signifying a stronger tracking compared to lower diagnostic OR. When taking South Asian children (ethnic specific criteria) as an example and overweight at the age of 3-4 years as a test for overweight at 13-15 years, we see that the sensitivity is 47%, which means that 47% of the South Asian children classified as having overweight as 13-15-year-old did also have overweight at the age of 3-4 years. The found specificity of 87% at this age means that 87% of South Asian children classified as having no overweight at 13-15 years did also not have overweight at 3-4 years. In the other ethnic groups the sensitivity was even lower, which signifies that most children with overweight at 13-15 years developed overweight at an older age. But as expected, the sensitivity increases by age, indicating a larger proportion maintaining their overweight. The high specificities of overweight at ages 3-4, 5-6 and 7-10 years in South Asian children (and in the other ethnic groups) means that most children without overweight as 13-15-year-old did not have overweight at a younger age. On the other hand, the high positive predictive value of 71-77% at ages 3-10 in South Asian children (ethnic specific criteria) indicates that, once overweight is present at a younger age, in 71-77% of cases their overweight is maintained up till 13-15 years of age. In addition, a statistically significant diagnostic OR > 1 means that there is tracking. The higher the diagnostic OR the better the test (overweight or thinness at a younger age) predicts overweight or thinness at 13-15 years of age. The highest diagnostic OR's for overweight were found for overweight at 7-10 years in all ethnic groups, ranging between 23 and 31. For thinness the OR's were considerably higher, even up to a value of 319 in Turkish 7-10 year olds, indicating a strong ability of thinness at the age of 7-10 years to predict thinness at 13-15 years of age. 
Discussion
Main findings
In this study two concepts of tracking were studied. First, the longitudinal development of BMI over time, and second the predictive ability of the BMI class at a younger age for thinness and overweight as 13-15 year olds. Children of Dutch, Turkish and Moroccan descent showed, although significantly different, quite similar tracking patterns of BMI z-score and BMI classes from 3 through 15 years of age. The longitudinal development of BMI in children of South Asian descent, when based on universal BMI criteria, showed large discrepancies compared with other ethnic groups, which disappeared to a great extent when South Asian specific BMI criteria were applied. In all ethnic groups the presence of overweight and especially thinness at 3-4 years of age highly tracked into adolescence, although a considerable proportion of thinness and overweight at 13-15 years developed after that age. Strengths of this study are the large sample size, the longitudinal and population-based design, the inclusion of children from different ethnic groups, and measurements performed by trained professionals. Another strength is the high follow-up rate. Although this study was designed as a descriptive study of tracking of BMI in different ethnic groups, the addition of parental educational level (socioeconomic status) or parental BMI to the model could have had added value to explain potential ethnic differences. Unfortunately, as routine registration data were used for the study, such covariates were not available.
Meaning of findings and practical implications
This study found considerable ethnic differences in thinness and overweight rates by age. Previous Dutch cross-sectional growth studies already showed that children of Turkish and Moroccan descent had a considerably higher prevalence of overweight and obesity than children of Dutch descent [34, 35] . The current rates of overweight in Turkish and Moroccan adolescents of our cohort are comparable to those found in the latest study [34] . South Asian children had the highest thinness prevalence of 16% at 3-4 years of age and also the lowest overweight rate at that age (8%) when based on the universal BMI criteria. However, when applying South Asian specific BMI cut-offs (based on the BMI of an affluent cohort of South Asian children born before the obesity epidemic), the thinness rates were concordant with those found in other ethnic groups, but simultaneously the overweight prevalence increased to the highest level of all ethnic groups, 27% at 3-4 years up to 45% at 7-10 years. This indicates that in this ethnic group universal BMI cut-offs highly overestimate thinness and underestimate overweight rates [25] . Although previously, an expert panel from the UK did not yet recommend separate BMI definitions for South Asian children and adolescents [36] , our findings support the use of South Asian specific BMI criteria.
Based on diagnostic odds ratios, thinness tracked generally stronger than overweight. Other studies also found a strong tracking of thinness from childhood to adolescence [37, 38] . An explanation is that these thin children represent the lower end of the normal BMI distribution. As BMI during infancy and childhood was shown to be highly correlated with lean body mass in adolescence and adulthood, and not with fat mass [39, 40] , thin children of our study are likely to have a predisposition for a smaller lean body mass.
The very high prevalence of overweight at age 3 in children of Turkish, Moroccan and South Asian descent (17-27%) implies that factors before that age are also important determinants of overweight. A recent Dutch study showed that weight gain in the first 6 months of life and maternal pre-pregnancy BMI explained most of the differences in overweight rates between 2-year-old children of Turkish, Moroccan and Dutch descent [41] . In the current study, overweight prevalence remained fairly stable from 3 to 6 years in all ethnic groups, followed by a considerable increase, and a plateau in the overweight prevalence from the age of 7-10 years.
Previously, overweight at the age of 9-11 years was shown to track into adulthood [42] . However, many adults with overweight were not affected by overweight as a child. In the Netherlands, the prevalence of adult overweight is currently levelling off but the rates are considerably higher than in Dutch adolescents of our study. In 2015 almost 29% of 20-30-year-old Dutch adults were affected by overweight and 42% of 30-40 year olds [43] . It is likely that a large proportion of adolescents with overweight will maintain their overweight, but most overweight in this group is likely to develop during late adolescence and adulthood [44] . Those who ultimately will be affected by overweight as an adult is still difficult to exactly predict and likely depends on many life style factors and personal circumstances.
In all ethnic groups a considerable proportion of 3-4 year olds already had overweight, and most of these children maintained their overweight as an adolescent (positive predictive values of 55-78%), indicating that once children have become overweight it is difficult to gain a 'normal weight'. It is likely that many of these children will become adults with overweight together with an increased risk of cardiometabolic disease compared with those that remain normal weight [20, 45, 46] . Especially children of South Asian descent are at increased risk of cardiometabolic disease [47] . Considering the extremely high overweight rates and the strong tracking of overweight in this group, this group should be specifically targeted for (preventive) interventions. In general, preventive interventions should preferably start at a young age, possibly already during the first year of life. And because of the increase in overweight prevalence between the age of 5-6 years and 7-10 years, also 3-10 year olds should be targets of preventive activities. Furthermore, for a proper assessment of BMI in children of South Asian descent, ethnic specific criteria are recommended.
Conclusion
In this study, the mean BMI z-score of both overweight and thin children of all studied ethnic groups followed a similar pattern between 3 and 15 years of age (provided that South Asian specific BMI criteria were applied). The different tracking pattern found in children of South Asian descent compared with the other ethnic groups raises doubts over the use of universal BMI criteria for all ethnic groups. Although at 3-4 years of age already a large proportion of children of Turkish, Moroccan and South Asian descent had overweight, between 5 and 10 years many children gained overweight, stabilising from the age of 10 years. Once a child is affected by overweight, in most cases this is maintained during adolescence. These findings may enable health care providers to early intervene in children at increased risk of developing or maintaining overweight or obesity, especially children of South Asian descent. Preventive interventions and strategies should preferably start during infancy and continue throughout childhood.
